Abstract: A Latin square arrangement is an arrangement of s symbols in s rows and s columns, such that every symbol occurs once in each row and each column. When two Latin squares of same order superimposed on one another, then in the resultant array every ordered pair of symbols occurs exactly once, then the two Latin squares are said to be orthogonal. A frequency square M of type F (n; λ) is an n x n, matrix over an m-set S, where n=mλ, such that every element of S occurs exactly λ times in each row and each column of M. Two frequency squares of the same type over S are orthogonal if one is superimposed on the other each element of S x S appears λ 2 times. These two concepts lead to a third concept that is if t-orthogonal Latin squares of order n, from a set S of Latin squares, are superimposed, then in the resultant array, each t-tuple occurs exactly once. If at all it is possible then how to construct them and that is the genesis of the paper. In this paper while generating Latin square (Latin rectangles), a new concept called t-orthogonality over the set of Latin structure has been discussed and their constructions have been given. Mathematics Subject Classification: 05B05
Introduction
From Latin square enumeration for example, refer to Wilson [27] , we can know that how many Latin squares can exist for a given s the order of the Latin square, but question is of their construction. There seems to be no good algorithm for constructing a random Latin square. One natural approach to counting and constructing Latin squares is to do it one row at a time, there by defining, "Latin rectangles", and then try to obtain exact and asymptotic formulae, using the structural properties of the under lying templates. (for other references and results see Denes and Keedwell [5, 6] ). Latin Squares were invented and studied by Euler [7] in 1782.
A Latin square arrangement is an arrangement of s symbol in s 2 cells arranged in s rows and s columns such that each symbol occurs once in each row and in each column. This s is called the order of the Latin square. Two Latin squares of the same order s when superimposed on one another and if each pair of symbols in the resultant array occurs only once they are called orthogonal. On a given set of N Latin squares any two Latin squares are Orthogonal then the set is called mutually orthogonal latin squares (MOLS) of order s. The cardinality of this set N is denoted by
A frequency square M of type F(n; λ) is an n x n, matrix over an m-set S, where n = mλ, such that every element of S occurs exactly λ times in each row and each column of M. Two frequency squares of the same type over S are orthogonal if one is superimposed on the other each element of S x S appears times. These two concepts lead to a third concept that is if t-orthogonal Latin squares of order n, from a set S of Latin squares, are superimposed, then in the resultant array, each t-tuple occurs exactly once. If it is possible then how to construct them is the theme of our present paper. In this paper we gave some methods of construction of those t-orthogonal Latin squares. Much of the work on Latin squares has been done by various authors for example Bose [1] , Bose, Shrikhande and Parker [2] , Tarry [23] , Wallis [25, 26] , Mann [15] and so on, who gave the methods of construction of these MOLS in various ways.
λ ---------------------------------------
In the present paper, while giving various methods of generating Latin squares (rectangles), we purpose a new concept called t-orthogonality over a set of these Latin squares and rectangles of the same order. Also we will make some discussions with the comparative illustrations of 2-orthogonality (classical) to torthogonality and end with a tabulation of the Latin squares of order s = 1, 2,…, 45 and their orthogonalities and methods of construction, for ready reference to researchers.
Main result:
Definition 2.1. If t Latin squares of the same order s, s t ≤ ≤ 2 from a set of Latin squares are superimposed one on another and in a cell, the ordered t-tuple occurs once and only once in the resultant array, then they are t-orthogonal and the set is called the set of mutually t-orthogonal Latin squares. Let denotes the maximum number t-orthogonal Latin squares each of order s. Now the classical orthogonality can be renamed as 2-orthogonality or as orthogonality only. So the notation for this may be retained as ) itself. be two distinct t-tuples. On addition of α and β the orthogonality establishes and the deletion of α and β the orthogonality fails. Two distinct 2-tuples will never become equal by the addition of any number of same elements to them. And the orthogonality maintains. If some t-tuple repeats, then by addition of another elements, if they are the same, the (t+1)-tuple also repeats, if they are distinct, then those (t+1) tuples will be distinct. By such additions, the t-tuple in repetition, at certain stage may cease to repeat and thus paves the way for t-orthogonality.
Note 2.1:
In Macneish [14, p.224] , it was stated that, "if the square of index n, 2 does not exist, then the square of index n, k, for k>2 can't exist". This is not true. See Note that is given below. This concept of generalized orthogonality is not to be confused with the Macneish [14] , concept on Latin square of index k. The two concepts are basically different. Macneish [14] , speaks about Latin square with certain symbols (may be t-tuples) as entries but here, we speak of t-orthogonality between t given Latin squares from a set of Latin squares.
Note 2.2:
The conjecture in the note above may mislead the reader challenging the very utility of these results. Even though we have some Latin squares, which are not t-orthogonal, we can establish that they are (t+1)-orthogonal. For example for Latin square of order 6, there exists no orthogonal mate, but t-orthogonal mate exists. For Latin squares of order 8, the number of MOLS is 5. But we have t (8) =8. Besides, this concept is having an application in certain network systems (can be seen in the same issue elsewhere).
Note 2.3:
Many of the constructions of mutually t-orthogonal Latin squares are yet to be known.
Note 2.4:
In the t-tuple, either all the t elements must be distinct or must be the same, but every t-tuple must be unique in the resultant array. Proposition 2.1. When s is prime or (s+1) is prime then there exists a set of mutually t-orthogonal Latin squares of order s.
In Wallis [25] , the following result was given. 
Methods of construction:
Recently Mohan [17] identified a family of matrices and established its usefulness in the construction of designs, graphs and codes.
In fact by adopting the formula, which was originally used in the construction of mutually orthogonal Latin squares and after further generalizing it, that is being made use of for the above purpose. The formula is ) (
For various values of and and n by defining
⊕ in different ways, for example by taking ordinary (+), subtraction (-) and multiplication many matrices have been constructed (cf. [17] ). Now by taking formula and by construction some of these possibilities in (1) we have Case (A): When , , , and iii) For s = 3, we cannot construct 3-orthogonal but we can get 2-orthogonal. Here there is possibility of having ordered 2-tuples with the same elements also, and thus having 9 cells and 9 distinct ordered pairs. By using the formula 2 , 1 , 
, which is 2-orthogonal.
Hereafter for all the number of s = 5, 7, 11, 13, … we can use the method given in Case (A) and Case (B) i. [1] , it is given that by using the properties of the Galois Field , it is possible to build up a projective Geometry with points and lines where , p being a prime integer and s is a positive integer. It has been further shown that the existence of such a geometry is exactly equivalent to the existence of an s-sided completely orthogonalized Latin squares. So he discussed the case in which s = 4, 8, 9, 16, 25, 27,… , which are all prime powers. But here by taking s+1 as prime, we are discussing the cases when s= 4, 16, from the above list, which fall under this Type II. But much was said about the Latin squares of order 6. It was well established from the Euler's conjecture [7] , and Tarry [23] , that there exists no orthogonal mate i.e. 2-orthogonal mate to the Latin square of order 6. At last Hortan [12] , gave the construction of two almost orthogonal Latin squares in which by superimposing one on another there are 34 distinct ordered pairs out of 36 pairs. And Heinrich [11] Furthermore, it can be seen that this gives out 3,4,5,6,7,8,9,10-orthogonal. Now to consider 2-orthogonality, we adopt the two orthogonal Latin squares constructed by Parker [20, 21] . They form 2-orthogoanl Latin squares, note that by taking any one of the two Latin squares and applying This construction for a pairs of orthogonal latin squares of order 10. Bose, Shrikhande and Parker [2] , and by Menon [16] also gave a pair of orthogonal Latin square of order for every , satisfying .
The corresponding theorem (from Parker [21] ) states that. Further we can easily establish 4, 5, 6, 7, 8, 9, 1 0, 11, 12-orthogonality over this Latin square of order 12. But it was states in Macneish [14, pp.222 ] that "The simplest case would be to prove that the Euler square of index 12, 3 is impossible". By the above example we are constrained to contradict it now. For this s =12, Lain square Johnson, Dulmage and Mendelshon [13] , gave he construction of 5 MOLS of order 12, and Wallis [26] prove that for 2-orthogonality. By taking the 5 Lain squares from [13] , we can establish 2, 3, 4, 5 -orthogonality over them and thus we have established t-orthogonality where
Conclusive remark 4.2:
Similarly we can consider for s=16, 18, 22… and in each of these cases we may find some other way of dealing 2-orthogonality as above. Among these under Type III, we have already considered 4, 16. Now we consider the remaining one by one. In fact we construct Latin squares for any number, as in Type I, but we should to take into consideration , for getting Latin squares. Still orthogonality is the question, even I these Latin squares. In these there exists no t-orthogonality Construction for t-orthogonality is as follows: This is 4-orthogonal and hence t-orthogonal for t = 4, 5, 6, 7, 8. As in Bose [1] , keeping the first row as it is and applying on the other rows By applying on this This is 3-orthogonal and by continuing the process we can further establish t-orthogonality where t= 4, 5, 6, 7, 8, 9 And for 2-orthogonality, by keeping the first row as it is and applying on the remaining 8 row , we can construct Latin squares. But, the orthogonality is to be established and that seems to be difficult.
For this type of composite numbers, Macneish [14] and Mann [15] , have given the methods of constructions of Latin squares.
For the Latin square of order 14, given by Wallis [pp.197, 26] , which is an idempotent Latin square, i.e. the principle diagonal is as (1, 2, … , 14) , and by applying 14 mod
, we get t-orthogonality where t=5, 6,7,8,…,14 . This is self orthogonal (orthogonal to its transpose). The cyclic generation of 2-orthogonal of these self orthogonal Latin squares was discussed by Franklin [8, 9] . From [26] 1  12  9  3  6  10  2  7  14  11  8  5  13  4   13  3  11  8  2  5  9  1  6  14  10  7  4  12   12  11  2  10  7  1  4  8  13  5  14  9  6  3   11  2  10  1  9  6  13  3  7  12  4  14  8  5   10  4  1  9  13  8  5  12  2  6  11  3  14  7   9  6  3  13  8  12  7  4  11  1  5  10  2  14   8  14  5  2  12  17  1  6  3  10  13  4 The later rows of each square are obtained by adding 1, 2,…, 14 to every element modulo (15) . These help us in establishing the t-orthogonality.
For n = 20. Macneish [14] 
And taking these constructions we can discuss t-orthogonality in the similar way.
Wallis [25] states that Theorem 4.3. There exist there mutually orthogonal Latin squares of every order except 2, 3, 6 and possibly 10 and 14.
We have established t-orthogonality for 3,6,10 and 14 here.
Wallis [25] Type II Macneish-Mann Theorem [14] [15] 
